and kinetin produced more phenolic and flavonoid contents in comparison to those cultured in media supplemented with BA and NAA. Krishna and Shasthree 11 developed a protocol for the induction and proliferation of adventitious roots from different explants of colocynth on MS media which were fortified with different concentrations of auxins and cytokinins. Dabauza et al 12 established genetic transformation in the cotyledon explants of colocynth using an Agrobacterium tumefaciens strain LBA4404 bearing the binary vector pBI121, holding genes coding for the β-glucuronidase (GUS; reporter) and the neomycin phosphotransferase (nptII; marker). To establish genetic transformation in two colocynth genotypes, Ntui et al 13 used A. tumefaciens strain EHA101 carrying either plasmid pIG121-Hm harboring genes coding for GUS, hygromycin phosphotransferase (hpt) and nptII or plasmid pBBRacdS harboring the same genes along with a gene coding for 1-aminocyclopropane-1-carboxylate (ACC) deaminase.
The present research has aimed to develop and establish a Agrobacterium-mediated hairy root culture of colocynth. Similar to normal roots of many plants, hairy root lines produce different kinds of natural compounds. Rapid, unrestricted and hormone-independent growth, and biochemical and genetic stability are among the most important advantages of hairy root culture compared to callus and suspension cultures. 14, 15 In addition to generating a lasting source for the production of valuable phytochemicals, transformation by A. rhizogenes is a valuable tool for engineering medicinal herb cells through transferring additional genes and Ri plasmid into them.
Materials and Methods
Seed Sterilization and Germination Initially, seeds were de-coated to release dormancy. For surface sterilization, the de-coated seeds were immersed in commercial bleach solution containing 2% (v/v) sodium hypochlorite for 7 minutes, followed by being rinsed 5 times in sterilized water. The seeds were placed on Murashige Skoog (MS) basal medium 16 supplemented with 0.7% (w/v) agar (pH 5.8). Seeds were germinated in a 16/8 h light/dark photoperiod at 25 ± 1°C. After 3 weeks of culture, in vitro plantlets were obtained and used as a source of explants for hairy root induction.
Bacterial Strains and Culture Condition
Four strains of A. rhizogenes (A4, ATCC15834, MSU440 and A13) were used for hairy root induction. The strains were grown overnight in liquid Luria-Bertani (LB) medium supplemented with 50 mg/L rifampicin at 28°C and 160 rpm in the dark. After 24 hours, the bacteria were harvested by centrifugation at 3500 rpm for 12 minutes and re-suspended in liquid MS medium (inoculation medium).
Induction and Establishment of Hairy Roots
The explants (hypocotyls, stems and leaves) were wounded with a sterile scalpel and were pre-incubated on ½ MS solid medium in the dark for one day prior to infection. Precultured explants were soaked in Agrobacterium culture (OD 0.6-0.8) containing acetosyringone (AS) 100 µM for 5 minutes. To remove the excess bacteria, the soaked explants were placed on sterile blotting paper and then incubated on optimized co-cultivation medium (MS medium containing 100 µM AS solidified with 0.8% agar) under dark conditions at 25 ± 1°C. After co-cultivation, the explants were transferred to ½ MS based solid medium containing 30 mg/L sucrose and cefotaxime (200 mg/L) to arrest the growth of Agrobacteria and then, they were incubated at the dark at 25 ± 1°C. The control explants were cultured on MS basal medium without Agrobacterium infection. After the emergence of hairy roots in mother explants, they were maintained by sub-culturing of 3-4 cm long pieces of roots on ½ MS solid medium containing 200 mg/L cefotaxime every 4 weeks. Hairy roots were propagated in 100 mL of liquid MS medium in 250 mL Erlenmeyer flasks on an orbital shaker at 110 rpm in the dark at 25 ± 1°C.
In this study, the effects of factors such as Agrobacterium strain and explant type, pre-culture period (0, 24 and 48 hours), co-cultivation period (24, 48 and 72 hours), absence and presence of AS (100 µM) during incubation and cocultivation on induction rate of hairy root were evaluated.
GUS Histochemical Assay
To detect GUS expression, cultured roots were treated with X-Gluc (5-bromo-4-chloro-3-indolyl-β-d-glucuronic acid) solution according to the research by Jefferson et al. 17 GUSexpressing cells were detected under light microscope which could be associated to the blue spots emerged as a result of enzymatic cleavage of X-glucuronide. Furthermore, nontransformed roots were tested to indicate whether the root tissue of colocynth possessed endogenous GUS activity or not.
Polymerase Chain Reaction Analysis Genomic DNAs of both transformed and non-transformed roots (0.5 g fresh weight) were isolated using the Cetyl trimethyl ammonium bromide (CTAB) method. 18 PCR analysis was used to investigate the presence of rolB gene in hairy roots. The PCR was performed with the following primers: 5´-GCTCTTGCAGTGCTAGATTT-3´ (forward primer) and 5´-GAAGGTGCAAGCTACCTCTC-3´ (reverse primer). The primers were used to amplify a 423-bp fragment of the rolB gene. Using a Bio-Rad (I-Cycler) Thermal Cycler, PCR reaction was carried out in a 25 μL volume of reaction mixtures containing 12.5 μL of Taq DNA Polymerase (NGene Biotech. Co.), 1 μL of each primer, 9.5 μL of H 2 O and 1 μL of DNA. The PCR program was comprised of an initial denaturing step of 5 minutes at 94°C followed by 30 cycles of 1 minute at 94°C, 30 seconds at 58°C and 45 seconds at 72°C and a final extension step of 10 minutes at 72°C. The PCR products were separated by Electrophoresis on 1% agarose gel in 0.5 TBE buffer, stained with safe stain and were then visualized under UV.
Analysis of Results
The experiment was carried out with a completely randomized design with three replicates. The results were expressed as transformation frequency percentage which is defined as the number of explants induced hairy roots divided by the total number of explants infected with A. rhizogenes and multiplied by 100. To compare the treatment groups, analysis of variance was used, followed by the Turkey test.
Results and Discussion
Susceptibility of the Explants and the Virulence of Agrobacterium Strains In previous studies, many cucurbits were transformed using A. rhizogenes. 13, 19 The effect that Agrobacterium strain and the type of explant had on the transformation efficiency of cucurbits was well documented. [20] [21] [22] To achieve an optimized condition for the establishment, virulence of four Agrobacterium strains (MSU440, A4, A13, ACTT 15834) were compared against three types of colocynth explants (leaf, excised shoot and hypocotyl). According to the results (Figure 1 ), all the studied strains were virulent against the leaf and excised shoot explants. However, hypocotyl explants seemed to be resistant to A4 transformation (transformation frequency: 0%). Excised shoots of colocynth were highly and significantly more susceptible to Agrobacterium infection compared to leaves and hypocotyls. In previous studies on cucurbits, excised shoots were rarely used for hairy root induction. Moreover, the susceptibility of hypocotyl explants to Agrobacterium infection has mostly been less than that of other explant types. [23] [24] [25] Nevertheless, there are instances such as Citrullus lanatus which its hypocotyls have showed higher rate of transformation by ACTT 15834 in comparison to its cotyledon and root explants. 21 The highest transformation frequency was obtained with the infection of the excised shoots by MSU440 (60 ± 0.58%; Figure 2 ) and ACTT 15834 (50 ± 0%), respectively. There were no significant differences (P ≤ 0.05) among the virulence of MSU440, A4 and ACTT 15834, whereas the virulence of A13 to excised shoots were significantly lower than the others. The strain A4 has been successfully used for hairy root induction in Cucumis sativus. 26 The ACTT 15834 also has efficiently induced hairy roots in C. lanatus and Cucumis melo. 21 relatively suitable rate of transformation has been obtained after the infection of Cucurbita pepo with MSU440. 20 Pre-culture Period In this study, wounded excised shoots were pre-cultured on ½ MS solid medium during different periods of time (0, 24 and 48 hours). Results (Figure 3 ) indicated that in all studied strains, there was no significant difference between transformation frequencies of groups that were not precultured (0 hours) and those that were pre-cultured for 24 hours. In addition, prolongation of pre-culture period to 48 hours led to a significant decrease in the transformation frequencies. The range of transformation frequencies in nonprecultured explants varied from 23 ± 0.33% to 60 ± 0.57%. It decreased to the range of 23 ± 0.33% to 46 ± 0.3% after 24 hours of pre-culturing and diminished to the range of 10± 0% to 13± 0.33% after a pre-culturing period of 48 hours. Overall, it seems that pre-culturing does not only enhance hairy root induction in colocynth, but also has a negative influence on it.
Co-cultivation Period
Groups of excised shoot explants were separately co-cultivated with four strains of Agrobacterium for 24, 48 and 72 hours. As shown in Figure 4 , the effect of co-cultivation period on the transformation frequency was remarkable. In a similar pattern, co-cultivation of all four strains for 48 hours led to a significant increase in transformation frequency, while no significant differences were found between transformation frequencies of groups co-cultured for 24 hours and those co-cultured for 72 hours. The lowest transformation frequencies were obtained after 72 hours of co-cultivation due to the overgrowth of agrobacteria and explant cell death. In a study on C. lanatus, hairy root was successfully established after 48 hours of co-cultivation on MS medium in the dark. 21 Similarly, to establish hairy root culture of Momordica charantia, its explants were co-cultivated for 48 hours on MS medium supplemented with 5 mg/L AS in the dark. 23 The Effect of Acetosyringone during Incubation and Cocultivation Acetosyringone (AS) is a simple phenol which induces the virulence (vir) genes and subsequently transfers T-DNA fragments of Agrobacterium Ri plasmid into the plant cells. 27 In this study, the effect of AS was investigated on the transformation frequency of colocynth in pair groups ( Figure 5 ). In the groups of excised shoots which were infected by MSU440, A4, or ACTT 15834, the absence of AS resulted in a significant decrease in the transformation frequencies (P ≤ 0.05). However, in other groups, there was no significant difference between AS-treated groups and similar groups that were not treated with AS. Regardless of the statistical differences, AS was proved to be necessary for virulence of MSU440, A13, and ACTT 15834 against the leaf explants, while it did not exhibit any effect on virulence of A4 against the leaf explants. The enhancement effect of AS on transformation efficiency of C. lanatus was previously indicated. 28 This compound also increased the virulence of the strains ACTT 15834 and 8196 on Muskmelon (Cucumis melo). 22 
Confirmation of transformation
To confirm transformation, the hairy root lines were subjected to PCR. By using primers designed based on rolB gene, the PCR assay successfully showed the presence of the gene in the cultured lines ( Figure 6A ). Besides, GUS histochemical assay was conducted on transformed and non-transformed lines. After histochemical staining, blue spots were developed in the entire transformed root lines ( Figure 6B ), while no spots were observed on the non-transformed root line.
Conclusions
The present study aimed to establish an efficient protocol for hairy root culturing of C. colocynthis. The highest rate of hairy root induction was obtained using excised shoot explant and MSU440 strain. Co-cultivation for 48 hours resulted in enhanced transformation frequency while pre-culturing is not recommended. The AS supplementation in bacterial culture and co-cultivation medium positively increased the transformation frequency. This protocol provides a background for future studies to introduce new beneficial traits into C. colocynthis via gene transferring. In addition, the established hairy root may be considered as a source of valuable secondary metabolites. Therefore, further research is required to isolate and scale up its compounds.
